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现为吸收系数随着波长的增加而近似呈指数趋势降低，但在波长 250~280 nm 范
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DOM 的光谱分析对有机污染具有更灵敏的示踪特性。筼筜湖 DOM 荧光组分的




时，DOM 的吸收系数、类腐殖质和类蛋白质组分与 DOC 之间均存在着较好的




（5）2009 年 11 月，在温室内利用耐盐植物的浮床修复技术，开展了为期
20 天的修复实验，以探讨不同根冠比的海马齿对有机污染的修复程度及其作用
机理。到实验结束时，与初始值相比，中、高根冠比培养组中总荧光强度、吸收
系数 a280和 DOC 含量分别降低了 28.1~28.6%，23.3~27.1%和 49.7~50.0%，表明
栽种海马齿的浮床植物系统可以有效修复咸水环境的有机污染。低根冠比培养组
中各参数的变化与对照组接近，而与中、高根冠组存在显著差异；表明植物修复
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Abstract 
Aquatic organic pollution has indeed become a significant problem in many 
coastal wetlands, which is really needed to be restored. Yundang Lagoon is a typical 
highly polluted coastal shallow wetland located in the southeast of China; at present, a 
floating rafts phytoremediation program with terrestrial plants has been carried out in 
it. Base on this, we investigated the water quality at 13 sampling stations in Yundang 
Lagoon from April, 2008 to May, 2009, as well as the absorption and fluorescence 
spectroscopy of dissolved organic matter (DOM); in order to demonstrate the 
feasibility of these spectroscopic properties as a tracer of the organic pollution in 
similar polluted coastal waters during phytoremediation. Meanwhile, a greenhouse 
incubation experiment was conducted with the purpose of the removal mechanism for 
organic substances during phytoremediation. The main results can be summarized as 
follows: 
(1) Impacted by the surrounding sewage, eutrophication of Yundang lagoon was 
serious during spring and summer of 2008; the nutrients (N, P etc) were beneath the 
level IV of Seawater Quality Standard of China (GB3097-1997). Dissolved inorganic 
nitrogen (DIN) and orthophosphate (SRP) decreased markedly in autumn of 2008, 
which was mainly due to the close of the sewage treatment plant located at the 
southeast of Yundang Lagoon. To May 2009, DIN and SRP had decreased to the level 
II of Seawater Quality Standard, which was related to the intense activities of 
phytoplankton in spring. The temporal and spatial variations of total organic carbon 
(TOC) and dissolved organic carbon (DOC) were similar to the nutrients in Yundang 
Lagoon. However, the maximum of nutrients was usually observed at Station 3# (near 
the outlet of the sewage treatment plant), while the maximum of organic carbon was 
appeared at Station 8# (located at the main canal); suggesting that the sewage 
treatment was more efficient for organic matter removal. Therefore, the water quality 
in Yundang Lagoon was improved from 2008 to 2009. 
(2) The absorption spectroscopy of DOM in Yundang Lagoon was similar to other 
aquatic environments (e.g. river, seawater); absorption coefficient typically decreased 
with increasing wavelength in the UV and visible regions, but with conspicuous 
shoulders over 250~280 nm. The spatial and temporal variation of absorption 
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also the main source of chromophoric DOM (CDOM). The spectral slope ratio (SR) 
was relatively high, which indicated that the relative molecular weight of DOM in 
Yundang Lagoon was lower than in other aquatic environments (e.g. river, seawater). 
(3) Parallel factor analysis (PARAFAC) model were used to resolve the 
fluorescence excitation emission matrix (EEM) of DOM in Yundang Lagoon. Five 
independent fluorescent components have been identified, including two humic-like 
components two protein-like components and one xenobiotic-like component 
(225/342 nm) which could be used as a good tracer for the input of the anthropogenic 
organic pollutants. Fluorescence was revealed to be a highly sensitive detector to 
organic pollution. The spatial and temporal variations of fluorescent components were 
quite similar to a280. Principal component analysis (PCA) of absorption coefficient, 
fluorescent components and DOC suggested that discharge of surrounding sewage 
was dominant in the variation of DOM in Yundang Lagoon; this variation was also 
affected by the in-situ biological activities. 
(4) A strong positive correlation was also found between DOM absorption 
coefficient and humic-like components; a280, humic-like and protein-like components 
showed significant linear relationships with DOC, which provided a basis for the 
remote sensing of DOC in Yundang Lagoon. Moreover, there was significant 
correlation between humic-like components and chemical oxygen demand (COD), 
nutrients, as well as between tryptophan-like components and biochemical oxygen 
demand (BOD). This suggested that the spectroscopic parameters of DOM may 
provide a fast in-situ way to monitor the variation of the water quality in Yundang 
Lagoon and similar polluted coastal waters. 
(5) From 19 Nov. to 9 Dec., 2009, we conducted a 20-days greenhouse incubation 
experiment by culturing Sesuvium portulacastrum in polluted media with three plant 
groups with different root/shoot (R/S) ratios and a control group. To the end, the total 
fluorescence, a280 and DOC in the high and middle R/S ratio groups were removed 
28.1~28.6%, 23.3~27.1% and 49.7~50.0%, respectively; showing the removal 
capability of organic pollution by floating raft S. portulacastrum system in brackish 
environments. The significant degradation difference (p < 0.001) occurred between 
well-rooted (high and middle R/S ratios) groups and poor-rooted (low R/S ratio) 
group, suggesting that the root of S. portulacastrum may play a crucial role in the 
process of phytoremediation. In addition, the monitoring data of DOM in the field 
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further supported the removal capability of organic pollution by floating raft S. 
portulacastrum system. 
(6) Our results exemplify that the spectroscopic properties of DOM is a good 
tracer for the organic pollution in coastal wetlands. Especially, EEM-PARAFAC can 
provide a great deal of ‘fingerprint’ information for aquatic DOM, which is useful for 
the evaluation of the removal mechanism and effect for organic pollution during 
phytoremediation and other bioremediations. 
 
Key words: Dissolved organic matter (DOM); Floating raft phytoremediation; 
Fluorescence Excitation-Emission Matrix spectroscopy (EEM); Parallel factor 
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为“地球之肾”（陈增奇等, 2006; 张绪良等, 2010）。近海湿地是湿地的三大类型
之一，处于陆地与海洋的交汇地带，受到海陆等自然因素的共同作用；同时海岸
带又是人口稠密、经济发达的地区，全球大约有 30 亿人生活在沿海地区（Torres 
et al., 2008），人类活动对近海湿地影响甚大；因此近海湿地具有生态脆弱性和敏
感性（Nicholls, 2004; 陈增奇等, 2006）。人类活动强烈干扰导致了近海湿地有机
污染严重、资源破坏，生物多样性散失。我国 2009 年经河流排放入海的有机物
总量巨大，以高锰酸钾指数计可高达 448.4 万吨，未经河流而直接排放入海的
COD 为 27.25 万吨（2009 年《中国环境状况公报》）。这些数量巨大的有机物进
入海洋后，大部分停留在近海区域，同时有很大一部分也进入了近海湿地生态系
统。目前，我国的近海湿地发生了严重的退化，据报道，已经散失和被城建占用
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